BACKGROUND: Early hypertension control reduces the risk of cardiovascular complications among patients with diabetes mellitus. There is a need to improve hypertension management among patients with diabetes mellitus. OBJECTIVE: We aimed to evaluate rates and associations of hypertension diagnosis and treatment among patients with diabetes mellitus and incident hypertension. DESIGN: This was a 4-year retrospective analysis of electronic health records. PARTICIPANTS: Adults ≥18 years old (n=771) with diabetes mellitus, who met criteria for incident hypertension and received primary care at a large, Midwestern academic group practice from 2008 to 2011 were included MAIN MEASURES: Cut-points of 130/80 and 140/ 90 mmHg were used to identify incident cases of hypertension. Kaplan-Meier analysis estimated the probability of receiving: 1) an initial hypertension diagnosis and 2) antihypertensive medication at specific time points. Cox proportional-hazard frailty models (HR; 95 % CI) were fit to identify associations of time to hypertension diagnosis and treatment. KEY RESULTS: Among patients with diabetes mellitus who met clinical criteria for hypertension, 41 % received a diagnosis and 37 % received medication using the 130/ 80 mmHg cut-point. At the 140/90 mmHg cut-point, 52 % received a diagnosis and 49 % received medication. Atrial fibrillation (HR 2.18; 1.21-4.67) was associated with faster diagnosis rates; peripheral vascular disease (HR 0.18; 0.04-0.74) and fewer primary care visits (HR 0.93; 0.88-0.98) were associated with slower diagnosis rates. Atrial fibrillation (HR 3.07; 1.39-6.74) and ischemic heart disease/congestive heart failure (HR 2.16; 1.24-3.76) were associated with faster treatment rates; peripheral vascular disease (HR 0.16;) and fewer visits (HR 0.93;) predicted slower medication initiation. Diagnosis and treatment of incident hypertension were similar using cut-points of 130/80 and 140/90 mmHg. CONCLUSIONS: Among patients with diabetes mellitus, even using a cut-point of 140/90 mmHg, approximately 50 % remained undiagnosed and untreated for hypertension. Future interventions should target patients with multiple comorbidities to improve hypertension and diabetes clinical care.
INTRODUCTION
Macrovascular and microvascular complications are major causes of morbidity and mortality in patients with diabetes mellitus. 1 Hypertension is common in patients with diabetes mellitus and is a risk factor for accelerating the progression of such complications. 2 Blood pressure control following the onset of hypertension in patients with diabetes is associated with lower rates of microvascular complications 1, 2 ; blood pressure control within 6 months is associated with a significant decrease in major cardiovascular events. 2 This underscores the importance of early recognition and timely hypertension control in patients with diabetes. Despite the importance of controlling blood pressure in patients with diabetes mellitus, there is evidence that blood pressure control is suboptimal among U.S. patients with diabetes. 2, 3 A better understanding of factors associated with delays in diagnosis and treatment of hypertension among patients with diabetes could inform the development of interventions to improve the clinical care of diabetes. We therefore aimed to identify associations with an initial hypertension diagnosis and antihypertensive medication initiation among individuals with diabetes mellitus.
METHODS

Sample
This study was approved by the University of WisconsinMadison Health Sciences Institutional Review Board with a waiver of consent. This secondary retrospective cohort analysis used electronic health record data from a large, Midwestern, multi-disciplinary academic group practice. To construct the sample (Fig. 1) , we identified all patients ≥18 years old who met criteria from the Wisconsin Collaborative for Healthcare Quality (WCHQ) 4, 5 for being Bcurrently managed^in the healthcare system between 1 January 2008 and 31 December 2011. Per WCHQ criteria, patients had to have ≥ 2 billable office encounters in an outpatient, nonurgent, primary care setting, or one primary care and one office encounter in an urgent care setting, in the 3 years prior to study enrollment, with at least one visit in the prior 2 years. 6 Electronic health records were assessed for the date a patient met the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) clinical blood pressure criteria for a new diagnosis of hypertension 7 (incident hypertension)
without receiving a previous diagnosis or treatment for hypertension. JNC 7 criteria were the established U.S. hypertension guidelines during the reporting period. A patient met blood pressure eligibility criteria based on electronic health record data if: a) ≥ 3 outpatient blood pressure measurements from three separate dates, ≥ 30 days apart, but within a two-year span, were elevated (systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 80 mmHg) according to JNC 7 criteria; or b) there were two elevated blood pressures 8, 9 (systolic blood pressure ≥ 160 mmHg or diastolic blood pressure ≥ 100 mmHg), ≥ 30 days apart within a 2-year period. If more than one blood pressure was taken at a visit, the average was used. 10 Hospital and emergency department blood pressures were excluded. Each patient meeting blood pressure eligibility and currently managed criteria received an Bindex date^(the first date both criteria were met). A 365-day period prior to this index date was the Bbaseline period^to assess patients' comorbidities and healthcare utilization. Patients were included if they met Hebert's criteria for a diabetes mellitus diagnosis in the baseline period (ICD-9 codes: 250.00-250. 93 An indicator variable was created for ischemic heart disease that consists of the presence of congestive heart failure and/or ischemic heart disease ** Due to low prevalence, an indicator variable was created for the presence of any of the following comorbidities: dementia, collagen vascular disease, malignancy † † AMA is the source for the raw physician data (provider ages only); statistics, tables or tabulations were prepared by User-Customer (PI: H. Johnson) using AMA Masterfile data ‡ ‡ Other specialties: Pediatrics; obstetrics/gynecology; geriatrics [hypertensive heart and renal disease], 405.x [secondary hypertension]), 13 or had an antihypertensive prescription in the electronic health record. Patients who were pregnant during the study were excluded 1 year before, during, and 1 year following pregnancy using a modified Manson approach (0 %). 14 The final sample was 771 currently managed patients with diabetes and incident hypertension (Fig. 1) .
Primary Outcome Variables
This study evaluated two primary outcomes: 1) time (days) from index date to the initial hypertension diagnosis, and 2) time (days) from enrollment to antihypertensive medication initiation. Days to diagnosis and treatment were converted into months. During the study period, 130/80 mmHg was the hypertension diagnosis and treatment threshold for patients with diabetes (JNC 7). 7 However, our analysis also included 140/90 mmHg to reflect clinical trials and guideline updates. 1, 15, 16 An initial hypertension diagnosis was defined as the date of the first outpatient electronic health record documentation of an ICD-9 code for hypertension per the Tu criteria 13 or ICD-9 code 796.2 (Belevated blood pressure without a diagnosis of hypertension^). 17 Medication initiation was defined by the first outpatient electronic health record documentation of an antihypertensive prescription as defined by Multum Lexicon TM Plus (Cerner Multum, Inc., Denver, CO), a database of all prescription and drug products in the U.S.
Explanatory Variables
The selection of explanatory variables was guided by the concept of clinical inertia (delays in diagnosis and treatment). [18] [19] [20] According to previous studies, competing comorbidities, in addition to multiple patient, healthcare system, and provider factors, contribute to clinical inertia. 19, 21 Baseline patient-related variables included: age, gender, marital status, race/ethnicity, tobacco use, socioeconomic status (defined as ever having Medicaid), body mass index, and severity of blood pressure elevation at study entry (categorized as 130-159/80-99 mmHg or ≥ 160/100 mmHg). Patient comorbidities were defined with ICD-9 codes using validated algorithms. The Centers for Medicare and Medicaid Services' Chronic Condition Warehouse algorithm was used to identify ischemic heart disease. 22 An established algorithm was used to identify stroke/transient ischemic attack. 23 Elixhauser algorithms 24 were utilized to identify depression, other neurologic disorders, collagen vascular disease, and solid tumors (without metastasis); other published algorithms were used to identify hyperlipidemia, 25 chronic kidney disease, 26 eye disease, 27 congestive heart failure, 25 peripheral vascular disease, 27 and dementia. 28 Due to low prevalence, comorbidities were categorized into the following categories for analysis: microvascular disease (chronic kidney disease and/or eye disease), noncardiac cerebrovascular complications (stroke/transient ischemic attack and/or other neurologic conditions), ischemic heart disease/congestive heart failure (congestive heart failure and/or ischemic heart disease), and other comorbidities (dementia, collagen vascular disease, and/or malignancy).
The number of primary care, specialty, and urgent care visits were assessed at the baseline time point. Primary care visits included Family Medicine/Family Practice, Internal Medicine, Obstetrics/Gynecology, and Pediatrics/Adolescent Medicine physicians (faculty, residents, fellows), nurse practitioners, or physician assistants. 29, 30 Patients were assigned a primary care provider based on patterns of outpatient face-to-face Evaluation & Management visits to physicians in the group as reported in the electronic health record billing records. 6 Providers' specialties, ages, and genders were acquired from the provider group's human resources office and/or the American Medical Association 2011 Masterfile data. .
Statistical Analysis
The data set was constructed using SAS 9.1.3 (SAS Institute, Inc., Cary, NC) and subsequently analyzed using Stata 13.1 (Stata-Corp, College Station, TX). Initial analyses summarized categorical variables as percentages and continuous variables using means and standard deviations. Kaplan-Meier survival curves evaluated the probability of obtaining a diagnosis and receiving treatment as a function of time since meeting enrollment criteria. Multivariate Cox proportional-hazards regression analyses were conducted using shared frailty models to incorporate a random effect for each physician and account for withinphysician correlation. 31, 32 Adjusted hazard ratios and 95 % confidence intervals were obtained for receiving an initial hypertension diagnosis and hypertension treatment. Differences were considered significant at p < 0.05.
Sensitivity Analysis
A sensitivity analysis was conducted to account for the potential influence of lifestyle counseling prior to a hypertension diagnosis or antihypertensive medication. Cox proportionalhazards models were performed with combined outcome variables that included patients whose blood pressure normalized prior to receiving a hypertension diagnosis or antihypertensive medication.
RESULTS
Descriptive Data
A total of 771 patients met inclusion criteria (Fig. 1 ). There were a total of 396 providers (15 nurse practitioners and 381 physicians). Table 1 summarizes patient demographic, comorbidity, visits, and healthcare provider characteristics. Patients had a mean (standard deviation) of 15 (13) months of follow-up. Overall, 49 % of patients were male, 14 % had a history of Medicaid, 69 % were obese, and 83 % had stage 1 hypertension. 3 Many chronic conditions, including dyslipidemia, atrial fibrillation, and ischemic heart disease/congestive heart failure, were more common in ≥ 60-year olds than in younger age groups.
Incident Hypertension Diagnosis Rates
Using the 130/80 mmHg diagnosis threshold, 315 (41 %) of patients with diabetes and incident hypertension received a hypertension diagnosis (Fig. 2a) . Adults < 40 years old had the lowest (33 %) diagnosis rate, compared to 41 % of those 40-59 years old and 44 % of those ≥ 60 years old. Rates of diagnosis were highest during the initial 6 months after meeting hypertension criteria. Among those who received a diagnosis, the median (interquartile range) time to diagnosis was 1.9 (Fig. 2b) , 398 (52 %) of patients received a hypertension diagnosis and the differences in diagnosis rates were similar across age groups.
Associations with an Initial Hypertension Diagnosis
After adjusting for patient and provider factors, using the 130/ 80 mmHg diagnosis threshold ( 
Antihypertensive Medication Initiation Rates
For 130/80 mmHg, an initial antihypertensive medication was prescribed in 286 (37 %) patients (Fig. 3a) .
Adults < 40 years of age had the lowest rate of antihypertensive medication initiation (31 %), compared to 37 % of 40-59-year olds and 40 % of ≥ 60-year olds.
Rates of medication initiation were highest in the initial 6 months. Among patients who received an antihypertensive medication, the median (interquartile range) time to treatment was 3.3 (0.2-10.0) months and the mean (standard deviation) time to treatment was 6.9 (9.0) months. Using the 140/90 mmHg threshold (Fig. 3b) , 377 (49 %) received antihypertensive medication and < 40-year olds continued to have the slowest medication initiation rate.
Associations with Time to Antihypertensive Medication Initiation
Using the cut-point of 130/80 mmHg ( Stage of hypertension is defined using JNC-7 criteria § An indicator variable was created for microvascular disease that consists of the presence of chronic kidney disease and/or eye disease ‖ An indicator variable was created for ischemic heart disease that consists of the presence of congestive heart failure and/or ischemic heart disease ¶ Due to low prevalence, an indicator variable was created for the presence of any of the following comorbidities: dementia, collagen vascular disease, malignancy Bold denotes p < 0.05 adults < 40 years of age. Similarly, for 140/90 mmHg (Table 3) , atrial fibrillation and ischemic heart disease were associated with faster medication initiation rates; peripheral vascular disease was associated with slower rates. Provider characteristics were not associated with antihypertensive medication initiation for 130/80 mmHg or 140/90 mmHg.
Sensitivity Analysis
Cox proportional-hazards models were performed with combined outcome variables that included patients whose blood pressure normalized prior to receiving a hypertension diagnosis or antihypertensive medication. Overall, the, associations remained consistent with the initial models. Using the cutpoint of 130/80 mmHg, peripheral vascular disease (HR 0.28; 0.10-0.76) was associated with slower hypertension diagnosis rates. Atrial fibrillation (HR 2.7; 1.3-5.6) and ischemic heart disease/congestive heart failure (HR 2.2; 1.3-3.6) were associated with faster medication initiation; peripheral vascular disease (HR 0.31; 0.14-0.82) was associated with slower medication initiation. Findings were similar for 140/ 90 mmHg.
DISCUSSION
In a cohort of patients seen in a single health system, we observed that delays in time to diagnosis and treatment of hypertension were common among patients with diabetes. Even with the higher cut-point (140/90 mmHg), approximately 50 % of patients with diabetes mellitus remained undiagnosed and untreated for hypertension. Our seminal findings highlight important associations contributing to clinical inertia (delays) in the hypertension management of patients with diabetes. [18] [19] [20] Prior literature supports our main findings. A study in Spain evaluated delays in hypertension diagnosis among patients with diabetes mellitus.
3 Although generalizability to a U.S. population is limited due to healthcare system differences, similarly, patient-level factors (comorbidities) were the primary associations with hypertension diagnosis and treatment rates. In addition, several studies described delays in hypertension diagnosis and treatment in a U.S. population not limited to patients with diabetes. 10, [33] [34] [35] Similar to those studies, we demonstrated that fewer primary care visits in the baseline period were associated with slower diagnosis and treatment rates, emphasizing the importance of timely hypertension follow-up.
Unfortunately, among patients with diabetes, comorbid conditions can negatively impact patient care, given the competing demands, and they contribute to clinical inertia in hypertension management. [18] [19] [20] Conditions with similar pathophysiology and treatments (concordant conditions) may cue providers to offer synergistic care for the conditions with overlapping care goals. 36, 37 This may explain improved hypertension diagnosis and treatment rates in our study for patients with diabetes and atrial fibrillation or ischemic heart disease/congestive heart failure. In contrast, discordant conditions may promote clinical inertia; however, there is conflicting data. In one study, patients were less likely to have antihypertensive treatment intensified for uncontrolled hypertension with each additional discordant condition. 38 In another study, patients with higher clinical complexity, including discordant conditions, were more likely to receive higher quality diabetes care and achieve hypertension control. 39 In our study, peripheral vascular disease, a presumably concordant condition, was associated with decreased rates of hypertension diagnosis and treatment. Significantly increased mortality associated with advanced peripheral vascular disease may explain these findings, since guideline-concordant care may not have the same benefit-to-risk ratio in patients with advanced comorbidities. 39 Given the management complexity of diabetes with other comorbid conditions, our data further supports the idea that future interventions should consider patients with comorbidities as a target group. Guidelines recommend a team-based approach to diabetes management, 1 to address complex comorbidities and increase the achievement of diabetes-related treatment goals. 40, 41 However, tailored strategies such as clinical decision support are needed to assist providers and patients with complex comorbidity management. 42 One of the limitations of this study is the use of data from a single healthcare system, potentially limiting the generalizability. However, this healthcare system is one of the ten largest physician practices in the United States, with primary care clinics in both urban and rural settings. Misclassification of hypertension or other comorbidities is a concern; however, the use of established algorithms decreases this risk. Diabetes screening was based on established guidelines at the time of the study. Our study addressed prevalent diabetes; therefore, we did not assess time from a diabetes diagnosis. However, the length of follow-up should reflect hypertension management in this population. Our exclusion criteria (previous antihypertensive medication) decreased the prevalence of atrial fibrillation and congestive heart failure compared to previous observational studies. 43, 44 Although this may limit the generalizability, our rates reflect a population of patients with diabetes and incident hypertension, and highlight the importance of a timely response to newly elevated blood pressures. Occasionally, patients are started on antihypertensive medication (e.g., ACE-inhibitor) due to a diagnosis of diabetes and not hypertension. However, in our analysis, only 9.3 % of patients received an antihypertensive medication without a diagnosis of hypertension. Additionally, patients were censored if blood pressures normalized prior to a hypertension diagnosis or antihypertensive initiation. Therefore, patients only accrued time if they had continuously elevated blood pressures. Lastly, some patients may have been initially treated with lifestyle modifications resulting in blood pressure normalization. To address this concern, sensitivity analyses were performed and demonstrated similar results to our initial models: complex comorbidities and visit frequency remained important associations with hypertension diagnosis and treatment. Unfortunately, ambulatory blood pressure data was not available; future studies would be beneficial to evaluate for white coat and masked hypertension in this population.
In conclusion, at the 130/80 mmHg threshold, the majority of patients with diabetes and incident hypertension remained undiagnosed (59 %) and untreated (63 %) for hypertension. Analysis at 140/90 mmHg demonstrated that approximately 50 % of patients remained undiagnosed and untreated.
Interventions targeting complex patients with multiple comorbidities are needed to improve hypertension diagnosis and treatment rates in patients with diabetes.
